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INTRODUCTION
Investigations concerning the amount of radioelements in surface waters have both scientific and practical values. Fix (1955) investigated the usefulness of the uranium content of surface waters in the western and southeastern parts of the United States as an aid for the location of uranium deposits. Illsley (1961) used uranium analyses of streams in south-central Idaho to show the suitability of hydrogeochemical techniques for uranium exploration. Landis (1960) determined the uranium content of some surface waters in a part of the central Great Plains. Scott and Voegeli (1961) gave a detailed account of the uranium, radium, and beta activity in surface waters of Colorado. The quantities of radioactive elements in surface waters are especially important if such waters are used for irrigation, food processing, or drinking. For example, the recommended tolerance for Planchets with residue prepared for the determination of gross beta activity were also used for gross alpha measurements. Only a small percentage of the alpha particles are detected because the residue is essentially of infinite thickness with respect to the short-range alpha particles. Thus, because of the low gross alpha activity in the samples and the large errors inherent in the determination, statistically reliable data were not obtained and are not published in this paper.
Analytical results are expressed as follows: uranium concentrations are given in micrograms per liter (1 microgram=10-6 grams). The minimum detection limit of the uranium method is about 0.4 /*g/l (micrograms per liter). Less than detectable amounts of uranium are reported, therefore, as <0.4 jttg/1. An average uranium concentration of 0.2 /tg/1 has been used in calculations for water samples found to contain <0.4 pg/1. Laboratory studies of a large number of dilute surface-water samples have shown use of this figure to be reasonably reliable.
Radium results are described in picocuries per liter (1 picocurie= 10-12 curies). One picocurie may also be defined as 3.7 X 10~2 disintegrations per second, or 2.22 disintegrations per minute. The radium method has a minimum detection limit of 0.1 pc/1. Less than detectable amounts were reported as <0.1; for radium averages and other calculations, <0.1 was considered as 0.05, or halfway between zero and 0.1. Three of the samples were only half the size normally collected for radioelement determinations, and using half-size aliquots for radium raised the threshold of detection to 0.2 pc/1. These three WATER LOAD OF URANIUM, RADIUM, AND GROSS BETA ACTIVITY O 5 samples were considered to have a value of one-tenth when radium calculations were made.
Beta results are also expressed in picocuries per liter. The minimum detection limit for gross beta activity commonly ranges from 0.3 to 1.0 pc/1, because the size of the aliquot used is determined by the specific conductance of the sample. Normally, the greater the conductance the smaller the aliquot and, thus, the lower the sensitivity and the higher the minimum detection limit.
High, medium, and low flows were determined 'by dividing into thirds the range of the minimum to maximum discharge for each station during wateryear 1960-61. The top, middle, and 'bottom thirds of the range represent the high, medium, and low flows, respectively. The range of discharge in cubic feet per second for each flow and the length of flow period (number of days) at each river station are shown in table 2. The discharge when a river was sampled was compared with this table to decide whether the sample belonged to high, medium, or low flow periods.
Kadiochemical data are shown in table 3 for low, medium, and high flows at each sampling site. Sometimes a flow was sampled on different dates, and then uranium and radium values were averaged. Analyses for duplicate flow samples are shown in table 1.
Uranium and radium values were estimated for eight unsampled medium or high flows so that further calculations could be made. Uranium values for unsampled medium flows were determined by averaging the low-and high-flow uranium values as shown below: The radium values for medium flows, obtained in the same way, are as follows: An extrapolated high-flow radium value of 0.5 pc/1 for the Suwanee Eiver would have been high when compared to other rivers in this area, so high flow was given the same value as medium flow.
GROSS BETA ACTIVITY
Gross beta activity in natural waters is now an important determination. Before the advent of manmade nuclear energy, practically all beta activity of natural waters could properly be ascribed to betaemitting nuclides of the naturally occurring radioactive elements, including potassium-40. This is no longer always true. In periods of nuclear detonations, particularly atmospheric testing, the beta activity of precipitation may be many times as great as when no testing is in process, because most of the radioactive elements produced in atomic detonations and nuclear powerplants are beta emitters. Fortunately, most of the beta-emitting nuclides of fallout decay rapidly or are absorbed in soils so that only a moderate increase of beta activity from nuclear testing occurs in streams. Some of the "long-lived" betaemitting nuclides produced in nuclear testing and atomic powerplants are strontium-90, cesmm-137, cerium-144, and ruthenium-106. "Longlived" beta-emitting nuclides are detected in surface waters many months after cessation of atmospheric detonations.
The normal beta activity of a river can usually be estimated, within limits, by sampling and determining the beta activity at high, medium, and low flows. Whenever samples contain appreciable amounts of beta activity, they may be checked for type of growth or decay. If periodic beta counting indicates radioactive decay, then a beta-decay curve will show whether or not the beta activity may be attributed to mixed-fission-product fallout or to naturally occurring radionuclides (Eisenbud, 1963) . Any sample showing mixed-fission-product activity WATER LOAD OF URANIUM, RADIUM, AND GROSS BETA ACTIVITY O 7 * must be eliminated from consideration when establishing normal background levels unless the proportion of fission-product activity can be measured.
.Natural beta activity was found in all samples collected. Betaactivity averages for all rivers (table 3) show no apparent relation to discharge, the averages for low, medium, and high flows being 8.8, 6.9, and 11.6, respectively. In addition, unidentified beta activity, not directly attributable to natural radioelements, was detected; this probably originated as fallout.
Anomalous high beta concentrations were noted for some rivers of the Southwest, Southeast, and Gulf coasts. Decay curves of beta activity were plotted for some of the samples collected in October 1960 and March 1962. The decay curves were made by counting the beta activity of the samples several times over a period of 2 months or longer and then plotting the data on logarithmic graph paper. The estimated naturally occurring beta activity was subtracted, and then the decay data indicated a decay rate similar to that commonly observed for mixed-fission products.
The apparent decay rate was estimated by the formula
A=Ajr1-*,
Where A= the activity of the sample in counts per minute at any time after formation of the nuclides, A0= activity at unit time (counts per minute) after formation of the nuclides, and t = time in days after formation of the nuclides at which A is measured. A graphical solution of the counting data indicated that the anomalous beta activity of some rivers was decaying as activity from fission products 4-6 months old at the time of collection. Such fission products probably were formed in nuclear explosions which occurred in northern Russia during the fall and winter of 1961. Figure 1 illustrates decaying beta activity (after beta activity attributable to natural radionuclides had been subtracted) for two rivers on the South Atlantic slope. Extrapolation of the decay curves indicated that the Roanoke River, which had a total beta activity of about 37 pc/1 when first counted (June 25, 1962), probably had an activity of more than 80 pc/1 at the time of collection (Mar. 12, 1962). Also shown is a similar decay curve for a sample from the Tar River. 
URANIUM-SOLUTE LOAD
The pounds of uranium carried in solution by each river past the stream-gaging stations during water year 1960-61 was estimated as follows: The total average discharge in cubic feet per second for a flow period was multiplied by the micrograms per liter of uranium found in that flow and by the factor 53.9 X10'4. (The conversion factor 6.24 X10~8 can be used to change micrograms per liter to pounds per cubic foot. The factor 86,400 changes the total discharge in cubic feet per second to cubic feet per day. These two factors can be combined to give the factor 5.39 X10-*.) Summations of the total solute loads for low, medium, and high flows for water year 1960-61 are shown in table 4).
In tables 6-8, flow volumes are shown both in cubic feet per second and cubic meters per second. Amounts of materials transported are in both pounds and kilograms. Kilograms and cubic meters per second 0 10 GEOCHEMISTRY OF WATER are not rounded off in these tables because the rounding off process produces totals that do not balance with pounds and cubic feet per second totals.
Total average discharges were determined from data published in the annual releases of basic-data streamflow records and related data for each State by the Geological Survey in cooperation with various respective State agencies.
Samples collected for other projects from the Colorado River between Dewey and Moab, Utah, in the heart of the Colorado Plateau uranium operations, have been analyzed by the Water Resources Division. These analytical data show that uranium concentrations in this region comni'only are greater than 20 ju.g/1. However, after the river passed through several large resorvoirs, the uranium concentrations at Yuma, Ariz., ranged from 6.6 to 7.6 /u.g/1. Dilution accounts for a large part, if not most, of the decrease of uranium in solution. The mean flow of the Colorado River near Cisco, Utah, from October 1960 to September 1961 was 4,260 cfs (cubic feet per second) and, during the same period, the mean flow of the Colorado River near Grand Canyon was 11,960 cfs. Of unevaluated importance in the decrease of uranium concentrations is the extraction of uranium from solution by algae and other biota and the precipitation or ion exchange of uranium with sedimentation in the reservoirs.
The sampling site on the Colorado is at gaging station 9-5210 at Yuma, Ariz. However, to obtain a more realistic figure of the contribution of radioelements to the Gulf of California, the surface-water data for gaging station 9-5222, at San Luis, Ariz., about 26 miles downstream, was used instead. No uranium figures were available for this site, so the ones obtained from Yuma were used in calculations.
RADIUM-SOLUTE LOAD
Radium was measured in picocuries per liter. One picocurie is equivalent to 10~12 grams per liter. The following formula was used to calculate the approximate amount of radium carried in solution by each river past the stream-gaging stations during water year 1960-61:
Total average flow in cubic feet per second for flow period X average radium value X 53.9 X10'10
The conversion factor 6.24 X 10~14, used to change picocuries of radium per liter to pounds of radium per cubic foot, multiplied by 8.64* gives the factor 53.9 X10-10. Summations of solute-radium loads for low, medium, and high flows and the total load for water year 1960-61 are shown in table 5. Radium WATER LOAD OF URANIUM, RADIUM, AND GROSS BETA ACTIVITY OH values are expressed as pounds X 10~5 in order to simplify the tables.
Commonly, rivers carry only a few tenths of a picocurie per liter of radium in solution. The samples collected July 20, 1961 , from the Colorado River and October 14, 1960, from the San Joaquin River were the only samples in which the radium concentration exceeded 1 pc/1. A possible explanation for these anomalies could be that summer storms or large discharges of irrigation waste water would contribute much suspended material to these rivers. Suspended material carrying adsorbed radium could easily increase the radium concentration of streams through desorption brought about by chemical disequilibrium conditions generated when two very different waters meet.
URANIUM AND RADIUM CONTRIBUTED TO OCEANS
Data determined on the sampled rivers were used to estimate the amount of uranium in solution contributed to the oceans from the conterminous United States. The method of estimation and resulting conclusions are shown in table 6-8. In table 6, the average discharge in cubic feet per second of a sampled river at the sampling site during water year 1960-61 (column 2) was compared with the long-range average discharge at the same site (column 1). Comparing column 2 with column 1 gave the excess or deficiency of flow for a river during water year 1960-61 (column 3). Dividing the total of column 3 by the total of column 1 gave the percentage excess or deficiency of flow of sampled rivers in a major basin area (column 4). The percentage excess or deficiency was used to adjust the total average discharge for major basin areas (column 1 of tables 7 and 8).
In tables 7 and 8, column 2 shows total average discharge at sampling sites of sampled rivers of major basin areas during water year 1960-61 (obtained from column 2 of table 6). Column 1 shows the total average discharge of all the rivers for major basin areas, adjusted according to the percentage excess or deficiency of flow of sampled rivers. Total discharges from major basin areas were obtained from information supplied by Wilson and others (1967) . Dividing column 2 by column 1 gives the percentage of major basin discharge carried by sampled rivers (column 3). Column 4, the total amount of uranium or radium carried by sampled rivers for water year 1960-61, is obtained from the last column of table 4 or 5. The estimated total uranium or radium carried from the major basins for this water year (column 5) was obtained by comparing the total uranium or radium carried by the sampled rivers and the percentage of major basin area discharge represented by the sampled rivers.
O 12 GEOCHEMISTRY OF WATER Calculated total uranium load carried from conterminous United States during water year 1960-61 was about 2 million pounds, and calculated total radium load was about two-thirds of a pound.
SUMMARY
Beta activity, uranium, and radium were determined for 36 major rivers in the continental United States during low, medium, and high flows of water year 1960-61. Total solute-uranium and -radium loads at sampling sites for the year were then estimated. The percentage of major basin-area discharge carried by sampled rivers in the basins was determined. Then, using the total solute load estimates of sampled rivers, the amount of uranium and radium carried from basin areas during the water year was estimated. The totals gave an estimation of the uranium and radium carried in solution from the conterminous United States.
The amounts of uranium and radium derived in this report are presented as estimates, not exact determinations. Obviously, accuracy would have been increased by locating sampling sites closer to the oceans and by sampling more rivers, but practical considerations limited sampling to sites of on-going stream-gaging and water-quality programs.
The research work for this paper has raised other questions. Is there a correlation between increased radium, sediments, and high flows? Do certain geologic formations which lie at the surface of large drainage areas account for high radium or uranium solute loads? How much uranium and radium in solution is being adsorbed by sediments deposited behind large dams? The authors hope that this study has presented facts or suggested questions which will encourage further research. 
